Abstract. Different methods of releasing the cell-envelope proteinase (CEP) from Lactococcus lactis IFPL 359 (Lc-CEP) and Lactobacillus casei IFPL 731 (Lb-CEP) have been tested. Release of Lc-CEP was higher in Ca2+-free buffer than in the presence of lysozyme and Ca 2+. Lb-CEP was not soluble in Ca2+-free buffer, making necessary the use of chelating agents such as ethylenediaminetetraacetate (EDTA) to attain release yields of 15-20%. Solubilizing the cell wall of Lb. casei using lysozyme and mutanolysin improved CEP release yields, even in the presence of Ca 2+. Two differently charged chromophoric peptides were degraded by whole cells and the soluble fractions studied at different hydrolysis rates in both the strains considered. Based on the specificity of these CEPs for the different substrates, the two proteinases can be placed in the same class as the CEP(~n) mixed-type variants that have been identified in lactococcal proteinases. In both strains 13-casein was hydrolysed more rapidly than (Zs-casein.
Introduction
Utilization of casein requires concerted action by the proteolytic enzymes in the rennet and starter, including cell-envelope proteinase (CEP) and peptidases, to generate the peptides and ultimately the amino acids essential for both microbial growth and texture as well as flavour development in cheese. Although the role of starter bacteria during cheese ripening has been studied extensively, available information on the contribution of the secondary flora, mainly Lactobacillus spp., to proteolysis and the sensorial characteristics of cheese, though growing, remains scarce. Recent work has shown that, when added to the starter culture, Lb. casei may enhance cheese flavour [1, 2] .
Lactococcal CEPs (Lc-CEPs) of general interest to the dairy industry have been well characterized, and information concerning those in lactobacilli (Lb-CEP) is emerging [3, 4] . There is a wide range of naturally occurring variants of CEPs in different Lactococcus lactis strains [5] , between the two genetically related serine proteinases CEPI and CEPm described by Exterkate and De Veer [6, 7] . These two proteinases present individual specificities for different caseins [8] and chromophoric peptides [5, 91. LbCEPs closely related to Lc-CEPs have been described. Specifically, the CEP of Lb. casei is genetically similar to the CEPi-type in Lc. lactis subsp, cremoris Wg2 [10, 11] . However, differing results regarding the specificity of the CEP from Lb. casei for the different casein fractions have been published [10, 12, 13] .
The CEPs have customarily been isolated from Lb. casei [10, 12, 14, 15] and Lc. lactis [16, 17] by treating the cells with Ca2+-free buffer, which brings about the autoproteolytic release of an active proteinase [18] . CEP release has often not been quantified, and the solubilized fraction has been taken to be the total proteinase. Nevertheless, incubation in Ca2+-free buffer is not always the most effective procedure for the release of CEP and, indeed, it has been found to be insufficient in some lactobacilli [19] [20] [21] .
The object of the present study was to compare different methods of separating the CEP from Lc. lactis subsp, lactis IFPL 359 and Lb. casei subsp, casei IFPL 731. Differences in the hydrolytic specificity of the released proteinases for chromophoric peptides and casein fractions at different ionic strengths have also been described. The strains employed in the study had previously been isolated from raw goat's-milk cheese [22] and had been characterized and successfully used as starter cultures in the production of semi-hard goat's-milk cheese [2, 23] .
Correspondence to: M. C. Martfn-Hena~indez Requena et al. [23] . For the Lb. casei, the skim milk was supplemented with 0.1% Tween 20, 0.002% manganese sulphate and 0.004% sodium formiate. Both strains were subcultured twice overnight before being used to inoculate the batch culture (0.05% inoculum for Lc. lactis, 1% for Lb. casei). The batch cultures were grown at 30~ until the pH had fallen to 5.0-5.2.
Before harvesting, culture pH was adjusted to 6.5 with 1 M NaOH, and 1% trisodium citrate was added until the culture cleared. Cells were harvested by centrifugation (7,500 g, 4 ~ 20 rain) and washed twice by resuspending in 50 mM tris(hydroxymethyl)aminomethane HC1 (Tris-HC1) buffer, pH 6.8, at 4~ The pellet was resuspended in the same buffer to an optical density (OD) of 60 at 650 rim.
Enzyme analysis. Release of CEP.
Crude proteinase extracts were prepared by the following procedures.
1. Incubation in Ca2+-free buffer (CFB-1): four successive incubations of the cell suspension were carried out in 50 mM Tris-HC1 buffer, pH 6.8, at 30~ for 1 h.
2. Incubation in Ca2+-free buffer after washing in ethylenediaminetetraacetate (EDTA) (CFB-2): same as for CFB-1, but before incubation in the Ca2+-free buffer the cells were washed in a solution containing 15 mM EDTA.
3. Incubation in Ca2+-free buffer with EDTA (CFB-EDTA): same as for CFB-1, but 15 mM EDTA was added to the incubation buffer.
4. Incubation in the presence of lysozyme and Ca 2+ (Lysoz-Ca2+): four incubations of the cells were effected in 50 mM Tris-HC1 buffer, pH 6.8, containing 0.5 M sucrose, 2 mM CaC12, and 5 mg/ml lysozyme (Boehringer) at 37 ~ for 1 h following the procedure described by Coolbear et al. [24] .
5. Cell wall extract (CWE): preparation was as according to a modified version of the method of Lee-Wickner and Chassy [25] in which the cell suspension was adjusted to an OD of 20 at 650 nm and was incubated at 37~ for 3 h in 50 mM Tris-HC1 buffer, pH 6.8, to which 0.3 M raffinose, 2 mM CaCI2, 10 mg/ml lysozyme and 50 gg/ml mutanolysin (Sigma) were added.
In all the procedures, the solubilized material was collected by centrifugation (17,500 g, 30 min) after each incubation. CaC12 (2 mM) was added to the supernatants collected in procedures 1-3 described above. The supernatants from all the extractions for each of the separate procedures were pooled and stored at -80~ until the proteinase assays were performed. In Lc. lactis subsp, lactis IFPL 359 only procedures 1 and 4 above were employed to release the proteinase.
SDS-polyacrylamide gel electrophoresis (SDS-PAGE). SDS-PAGE was
performed using the Phast System (Pharmacia, Uppsala, Sweden) essentially according to the instruction manual. Electrophoresis was carried out on 8-25% gradient polyacrylamide gels using SDS buffer strips. The proteins were visualized by staining with Coomassie Blue G-250.
Results and discussion
Release of the CEPs from Lc. lactis subsp, lactis IFPL 359 and Lb. casei subsp, casei IFPL 731 Table 1 presents the results for proteinase activity expressed as a percentage of the activity values for the whole cells, for each of the different procedures employed. Repeated incubation of the cells in CFB-1 released around 31% of the Lc-CEP but barely 3% of the Lb-CER A value of 40%, higher than our value, has been reported for Lc. Iactis subsp, cremoris [18] . The small percentage of CEP released from Lb. casei could be attributed to the greater resistance of Lb-CEP to autoproteolysis compared to Lc-CER as well as to a greater complexity of the cell wall in lactobacilli [26] . Low levels of CEP release in Ca2+-free buffer alone have also been recorded in Lb. casei [19] , Lb. delbruekii [20] , and Lb. helveticus [21] , making it necessary to use sonication along with detergents and/or lytic enzymes to extract the CER Release of Lb-CEP by the CFB-2 and CFB-EDTA procedures was some five times greater than the level of release achieved using CFB-1 (Table 1 ). This result suggests that including EDTA in the incubation buffer increased CEP cleavage by enhancing Ca 2+ diffusion in the medium, making the specific cleavage site on the molecule accessible for autoproteolysis [18] .
CaClz (2 mM) was added to the different soluble fractions prepared from Lc. lactis and Lb. casei to prevent subsequent inactivation of the proteinase by autoproteolysis during the assays. This caused a slight decrease in proteinase activity in the fraction obtained using the CFB-EDTA Specificity of proteinase activity. The relative activity of the crude proteinase extracts on the chromophoric peptides MS-Arg and SucAla-Glu-Pro-Phe-pNA (S-Glu) (Bachem, Switzerland) in the presence and absence of 1.5 M NaC1 was measured as described above. Casein degradation was carried out as described previously [21] . Of a suspension of washed whole cells, 10 gl was mixed with a solution of 1 mg/ml of (c~s+[3)-casein in 50 mM imidazole buffer, pH 6.5 (final volume 200 gl), in the presence and absence of 4% NaC1 (w/v). The reaction mixture was incubated at 30~ and 10 ~tl aliquots were collected at various times for electa'ophoretic analysis. CFB-1. Soluble fraction from release incubations in 50 mM tris(hydroxymethyl)aminomethane HC1 (Tris-HCl) buffer, pH 6.8; CFB-2, same as CFB-1 after washing the ceils in 15 mM ethylenediaminetetraacetate (EDTA); CFB-EDTA, same as CFBq, but 15 mM EDTA was added during incubation; Lysoz-Ca2+, incubation in the presence of 5 mg/ml of lysozyme and 2 mM CaC12; CWE, incubation in the presence of 10 mg/ml of lysozyme, 50 gg/ml of mutanolysin and 2 mM CaCI2. See Materials and methods for further details. Activities have been expressed as percentages of the activity of the whole cell (WC) suspension. Values are the means for three separate extractions
